e examined 50 patients with diastrophic dysplasia both clinically and radiologically. Two legally aborted fetuses were dissected. The mean age of the patients was 16.2 years (newborn to 38) and the mean follow-up was 11.4 years (3 months to 34 years).
In Finland, a total of 183 cases of diastrophic dysplasia (DD) of the hip has been diagnosed although in other parts of the world it is a very rare condition. Autosomal recessive inheritance and the location of the gene at the distal end of chromosome 5q have been verified. The DTDST gene and its mutations which are responsible for the disease have been defined 1, 2 The clinical findings of short-limbed short stature, contractures of the joints, symphalangia of the fingers, hitchhiker's thumbs, deformities of the feet and often cleft palate and deformation of the ear lobes are recognisable in the newborn infant. [3] [4] [5] [6] [7] Rigid kyphoscoliosis develops early in about 37% of these patients. 8 The most disabling problems in adult patients are related to early degeneration of the hip. 9 The role of recognisable predisposing conditions in the aetiology of early-onset osteoarthritis of the hip is of primary importance, 10 although primary or idiopathic osteoarthritis has also been identified. 11 It has been suggested that the aetiology of early osteoarthritis can be divided into three groups: 1) normal cartilage that fails when subjected to abnormal loads for long periods; 2) defective cartilage failing under normal loads; and 3) possible disintegration of the articular cartilage due to a defect in subchondral bone. 12 Crossan and Wynne-Davies 13 have considered conditions predisposing to premature osteoarthritis in two age groups, birth to 15 years and 15 to 45 years. In the younger group these include chronic juvenile arthritis, inherited skeletal dysplasias, trauma and infection, and in the older group rheumatoid arthritis, ankylosing spondylitis, Perthes' disease, acetabular dysplasia, avascular necrosis, slipped capital femoral epiphysis, congenital dislocation of the hip and primary osteoarthritis. The natural history of the hip in most of these conditions has been thoroughly investigated, with the exception of the inherited skeletal dysplasias because of their rarity and low incidence. Our aim was to clarify the development of the hip in DD and to describe factors which influence its progressive degeneration during growth.
Patients and Methods
We evaluated 50 patients with DD from throughout Finland who had been referred to the Hospital for Children and Adolescents, Helsinki and to the Orton Orthopaedic Hospital Invalid Foundation between 1962 and 1994. The diagnosis had been confirmed in every case by a clinical geneticist at Helsinki University Central Hospital. There were 26 males and 24 females with a mean age of 16.2 years (newborn to 38). The mean follow-up was 11.4 years (3 months to 34 years). Details of the patients and of the clinical findings were obtained from hospital records. The clinical measurements included the flexion contracture 14, 15 and range of rotational movements of the hip. [14] [15] [16] [17] Radiological data were obtained from serial plain AP radiographs and included the acetabular angle, ␣, 20, 22 and the ratio of the femoral isthmus to the proximal femoral width, I/P (Fig. 1) . We evaluated the radiological appearance and shape of the ossific nuclei for the femoral head and greater trochanter, and the congruity and configuration of the joint. Special diagnostic studies included MRI in three cases, at birth and at the age of 1.3 and 4.8 years, and the dissection of two legally aborted fetuses (at 18 and 19 weeks of gestation). Statistical methods. The data set included radiological measurements of all 50 patients for a mean of five examinations (1 to 10). Postoperative measurements were excluded. In regression analyses, measurements which were missing were ignored in the averaging within the age groups. The distributions of the flexion contracture and rotational movements of the hips and radiological measurements of the hips were displayed as growth curves for individual observations or as plots of mean values against age. The selected age groupings were 0 to 2, 3 to 7, 8 to 14 and ≥15 years. For the comparison of the mean values in the four age groups, we used the age-group-specific means of the individual measurements for each patient. In addition, we used a non-parametric analysis of the measurements against age by a robust locally-weighted regression and smoothing scatterplot. 23 For the occurrence of 'double-hump' deformity and the appearance of the proximal femoral epiphyses, we used 'survival functions' to show the distribution of patients with negative radiological findings. All the graphical displays and calculations were performed separately for the right and left sides using the SOLO 24 and BMDP 25 software systems.
Results
The two fetal hips ( Fig. 2 ) and MRI of a newborn infant ( Fig. 3 ) with severe DD showed good joint congruity with no apparent deformities. MRI at 16 months and 4.8 years showed widened femoral heads and acetabuli, with flattened proximal femoral ossific nuclei (Fig. 4) . The thickness of the joint cartilage layer was decreased but joint congruity was good. Serial radiographs showed deformity of the hip in all patients and in most of them there was progression with growth ( Figs 5 to 7) . The rate of change and the severity varied between patients (Table I, Figs 6 to 8). Clinically, the severe form produced a markedly reduced range of movement and rigid flexion contracture of the hip.
The measured variables were compared within and between the four age groups. Hip flexion contracture was noted in 93% of patients with an overall mean of 23° in both right (range 0 to 80, SD 20) and left hips (range 0 to 70, SD 17) (Fig. 9a) . The range of rotational movements decreased with age (Fig. 9b) . Table II Diagram showing the radiological measurements of the hip: ␣ = acetabular angle, x = acetabular depth, y = acetabular width, z = lateralisation of the femoral head, A/B = femoral neck length:width ratio, and I/P = femoral isthmus to proximal femoral width ratio. (␣) was 45°, 1.3 times that of a normal hip 18 and the mean acetabular depth (x) and width (y) were equivalent to 44% and 69%, respectively of those in a normal adult hip. 20 The mean lateralisation of the femoral head (z) was 13 to 14 mm (right hip-left hip) and the femoral neck length: width ratio (A/B) remained <1 in all age groups. The mean A/B ratio was only 47% of the value of 1.82 reported for a normal adult hip. 20 The ratio of the femoral diaphyseal isthmus to the proximal femoral width (I/P) indicated the short, proximally wide and diaphyseally narrow form of the femur in DD. The appearance of the ossific nuclei of the proximal femoral epiphyses was clearly delayed. 26 Capital femoral bony epiphyses were not observed until 12 years of age in 23% of the males and in 28% of the females, and at this age the ossific nucleus of the greater trochanter was not visible in 17% of males and 18% of females.
In most patients (73% of males, 72% of females) the shape of the joint remained nearly spherical although there was clear overgrowth of the greater trochanter beyond the femoral head. The 'double-hump' deformity developed in 27% of males and in 28% of females. In the four age groups respectively, the double hump was observed in 0%, 16%, 23% and 27% of the males and in 0%, 20%, 28% and 28% of females.
Discussion
The orthopaedic problems in DD are severe and begin in early infancy. Kopits 27 and Walker et al 4 have described changes in the joints of these patients, but the manifestation of the deformities varies between patients, and there are varying degrees of difficulty as has been shown by Ryöppy et al. 7 There have been no detailed studies of the development of the hip in DD, but it is known that severe and deforming osteoarthritis occurs in early middle age. 9 Joint stiffness, restricted mobility and abnormal development of the proximal femoral epiphyses with early-onset degeneration and deformity have been reported for every type of inherited skeletal dysplasia, 13 but the factors responsible and those which can predict deformity have not been defined. Several conditions such as avascular necrosis, congenital dislocation, acetabular dysplasia or acetabular deformity are likely to lead to early osteoarthritis. 12 The microscopic changes in early-onset osteoarthritis have been discussed because injury to any one of the joint structures may lead to functional failure and to clinical arthritis. When an initial injury is not repaired and becomes chronic, the result is progressive degeneration of the joint. 28 In 1994 the DTDST gene, mutations of which result in DD, was isolated and shown to code for a novel sulphate transporter protein. 2 It is assumed that sulphation of the proteoglycans or other components of the cartilage matrix is defective and therefore the load-bearing ability of the articular cartilage is impaired. The pattern of the degener- Figures 5 to 7 -AP radiographs of the hips of a female patient at the age of 0, 6 and 12 years, respectively, with a severe form of progressive deformation. The pathological changes include non-appearance of the capital ossific centre, inferomedial bulking of the femoral head, a poorly developing femoral neck, a shallow acetabulum, overgrowth of the greater trochanter and a double-hump deformity of the acetabulum, worse on the left. ative process is thus associated with normal loading forces operating on abnormal cartilage. 12 It is probable that other anatomical structures containing connective tissue, such as articular capsules, ligaments and tendons, and even subchondral bone, are also affected. All such defects are likely to make loading more abnormal, causing an acceleration of the degenerative process. It is difficult to distinguish primary from secondary deformities. Figure 10 illustrates our hypothesis in the form of a cascade of factors likely to cause early progressive degeneration.
The most marked change which we found was in flexion contracture. Measurement of the range of movements is commonly used, but this is an imprecise method of detecting progressive stiffness. 16 We selected the most appro- priate of the radiological measurements as being indicative of the pathological changes. A shortened femoral neck, a wide, bulky femoral head or a totally disintegrated head, together with an overgrown greater trochanter gave severe restriction of movement, the extreme being a hinge joint. The short femoral neck and the simultaneous overgrowth of the greater trochanter are apparently due to pathological changes in the proximal femoral growth area. These changes are seen in radiographs as the non-appearance or eggshell-shape of bony ossific epiphyseal centres. The changes in the femoral head and neck, with flattening and sometimes disappearance of the bony epiphysis with coxa brevis, may be due to a defect of the circulation or disturbance of the metabolism of the articular cartilage. These pathological changes and the resulting deformation resemble other conditions causing avascular necrosis.
We were able to divide our DD patients into two categories: a moderate group and a severe group (Table I) , according to the severity of the degenerative changes. In all patients the hips became deformed and early osteoarthritis seemed to develop in every case even in those showing relatively moderate changes in adolescence and early adult life. Algorithm showing the cascade of factors assumed to be responsible for the early degeneration of the hip in DD.
